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(57) ABSTRACT 

A motor which uses a permanent magnet is provided in 
which output thrust is improved by increasing a magnetic 
Saturation limit and preventing reduction in magnetic flux 
and generation of heat is reduced by inhibiting generation of 
an eddy current in a magnetic pole. An N magnetic pole is 
formed Such that its width increases as the distance from a 
Stator increases on a side of an N pole magnetic yoke and an 
S magnetic pole is formed Such that its width increases as the 
distance from the Stator increases on a side of an Spole 
magnetic yoke. With this structure, a Saturation limit of 
magnetic flux at an entrance of yoke which is a connection 
Section between the N magnetic pole and the N pole mag 
netic yoke is increased and motor thrust is improved. 

3 Claims, 11 Drawing Sheets 
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MOTOR USING PERMANENT MAGNET 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a motor which uses a 

permanent magnet, and particularly to a motor Structure 
Suitable for a linear motor. 

2. Description of the Related Art 
FIG. 13 is a diagram showing a Synchronization type 

linear motor according to related art. FIGS. 14, 15, 16, and 
17 are diagrams showing a linear motor according to related 
art disclosed by the present applicant in Japanese Patent No. 
3,344,645, which provides a solution to certain problems 
associated with a synchronization type linear motor. FIG. 15 
is a diagram showing a cross section AA of FIG. 14 and FIG. 
16 is a diagram showing a cross section BB of FIG. 14. FIG. 
17 is a diagram showing a mover 3 seen from the Side (side 
view) and from the bottom (bottom view). 

Characteristics of a Synchronization type linear motor 
according to the related art will now be described. In FIG. 
13, reference numeral 63 represents a mover, reference 
numeral 67 represents slots provided in the mover 63 and 
illustrated by S1-S12, and two-pole three-phase AC winding 
which is typically used in a rotational induction motor is 
wound in the slot 67. Reference numeral 65 represents a 
mover Salient pole, reference numeral 61 represents a Stator, 
and reference numeral 64 represents permanent magnets 
provided on a surface of the stator in which the N poles and 
Spoles are alternately placed. 

In general, a force F generated by a winding of one turn 
of the motor can be represented, according to Fleming's law, 
as F=B-I-L, wherein B is a magnetic flux density, I is a 
current, and L is an effective length of electrical wire. 
Similarly, a power P can be represented as P=F-dX/dt, 
wherein X is a position of the mover in the movement 
direction and dX/dt is the velocity of the mover. 

Electrically, the power P is represented by P=VI=d(p/dt I 
wherein V is Voltage and p is a magnetic flux linked to the 
winding of one turn. When a change of magnetic energy 
within the liner motor is disregarded, an equation, P=F-dX/ 
dt=d(p/dt I can be deduced from the above-described formu 
lae, and a thrust F generated by the linear motor is F=dop/ 
dXI. The thrust F generated by the linear motor is therefore 
directly proportional to a rate of change of the magnetic flux 
(p linked to the winding with respect to position, dep/dX. 

Therefore, although not shown, when Structure of a mover 
and a stator similar to that shown in FIG. 13 is employed 
with a two-pole permanent magnet type linear motor, the 
generated torque T, that is, the rate of change of magnetic 
flux p linked to the winding with respect to position, dep/dX, 
is nearly directly proportional to the magnetic flux density B. 

Similarly, if a linear motor as shown in FIG. 13 is 
configured Such that the winding of one turn is wound from 
the front Side of the page toward the backside of the page at 
the slot S2 and from the backside of the page toward the 
front side of the page at the slot S8, when the mover 63 
moves to the right by a slight amount, AX, the rate of change 
of magnetic flux (p linked to the winding wound from slot S2 
to the slot S8 with respect to position, dep/dX is almost equal 
to Aqp/AX. The slight change in magnetic flux Aqp is thus an 
increase in N pole magnetic flux corresponding to the Slight 
change in position AX in the mover Salient pole 65 Sand 
wiched between slots S2 and S8 and a large change of 
magnetic flux with respect to position, Ap/AX, can be 
obtained. Therefore, in a simplified expression, the rate of 
change of magnetic flux with respect to position, Ap/AX, is 
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2 
approximately five to Six times that of the two pole perma 
nent magnet type linear motor as described above and the 
output thrust is also approximately five to Six times that of 
the two pole permanent magnet type linear motor. Such a 
Vernier type linear motor using a permanent magnet has a 
characteristic that it fundamentally has a large thrust. How 
ever, the driving frequency for controllably driving this 
example motor is approximately six times that of the two 
pole permanent magnet type linear motor, and, because of 
the limit of the driving frequency and inductance of the 
winding, in general, high Speed driving is not possible. 
On the other hand, in a Synchronization type linear motor 

of the related art, there is a problem in that the magnetic flux 
of each permanent magnet 64 cannot be effectively utilized. 
For example, when the magnetic flux in the mover Salient 
pole between the slots S2 and S3 is considered, the mover 
Salient pole 65 opposes the N pole of the permanent magnet 
64 with a Small gap therebetween and there is a magnetic 
flux of N pole on the mover salient pole 65. However, at the 
Same time, the magnetic flux of the S poles on both sides 
also leaks from non-magnetic Sections, Such as the Space 
between mover Salient poles 65 and, thus, there are many 
components in which the magnetic flux closes between the 
N and Spoles without going though the Stator. This com 
ponent of the magnetic flux of the N pole which closes with 
the S pole without going through the Stator does not con 
tribute to driving operation. As a result, the magnetic flux of 
N pole in the moversalient pole 65 between the slots S2 and 
S3 is not sufficiently utilized. For a similar reason, in the 
other mover Salient poles 65, effective magnetic flux cannot 
be Sufficiently obtained, resulting in a problem in that a 
motor thrust is reduced, even when the motor current is 
Suitably applied. 

Another problem is that although a maximum magnetic 
flux density of an electromagnetic Steel plate of the mover 
salient pole 65 has a large value of about 1.7 Tesla, a 
maximum magnetic density of the Stator magnetic pole is 
about 1.0 Tesla, even when a rare earth metal which has a 
large remaining magnetic flux density is used. Therefore, 
there is a problem in that, Structurally, the magnetic flux 
density cannot be increased. There is, however, a desire to 
increase motor torque by increasing a magnetic flux density 
of each magnetic pole in the Stator 61. 

Another problem is that when the linear motor has a 
relatively long driving range, the cost of the linear motor is 
Significantly increased because the amount of permanent 
magnet mounted in the Stator 61 is proportional to the length 
of the motor driving range. Another problem is that when the 
linear motor is applied to feed driving of a machine tool or 
the like, iron powder or the like may be present in the 
Surrounding environment of the linear motor, and therefore, 
the permanent magnet 64 must be carefully covered to 
prevent attachment of the iron powder or the like. There is 
also a problem in that, because the length of the magnet 
portion is relatively long, the cost of the necessary cover is 
increased. Next, the linear motor of related art shown in 
FIGS. 14, 15, 16, and 17 which is disclosed by the present 
applicant in Japanese Patent No. 3344645 for solving the 
problems associated with a Synchronization type linear 
motor as described above will be described. 

In FIGS. 14 and 17, a mover 3 comprises three pairs of 
mover magnetic poles 4a, 4b, and 4c each having three pairs 
of N magnetic poles 5, S magnetic poles 6, and auxiliary 
magnets 10 between the N magnetic pole 5 and the S 
magnetic pole 6, which are provided along a direction of 
movement of the mover 3. AS shown in FIG. 17, the N 
magnetic pole 5, the S magnetic pole 6, and the auxiliary 
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magnet 10 are placed So that N pole and S pole are 
alternately provided. As shown in FIGS. 15 and 16, the N 
magnetic pole 5 and the S magnetic pole 6 respectively 
comprises structures 5a and 5b and structures 6a and 6b. The 
Structures. 5a and 6a correspond, respectively, to the N 
auxiliary magnetic pole and the S auxiliary magnetic pole 
described in Japanese Patent No. 3344645. 
A three-phase AC winding 16 is wound around each of the 

mover magnetic poles 5 and 6. U-phase windings are 
represented in these figures by reference numerals SU1 and 
SU2, V-phase windings are represented in these figures by 
reference numerals SV1 and SV2, and W-phase windings 
are represented in these figures by reference numerals SW1 
and SW2. Each of the mover magnetic poles 4a, 4b, and 4c 
are placed in positions each of which is shifted by an 
electrical angle of 120 degrees with respect to the Salient 
pole 2 of the stator 1. 

Electromagnetic Steel plates forming the mover 3 are an 
N pole magnetic yoke 3a and Spole magnetic yoke 3b in 
FIGS. 15 and 16 and these structures are respectively 
magnetically connected to the N magnetic pole 5 and the S 
magnetic pole 6. For the mover magnetic pole 4a in FIG. 17, 
a croSS Section of the Spole magnetic yoke 3b is shown in 
order to facilitate understanding of the shape of the mover 3. 
A common permanent magnet 13 which is magnetically 

connected to the N pole magnetic yoke 3a and the Spole 
magnetic yoke 3b is placed in the mover 3. 
When a current is applied to the three-phase AC winding 

16 in a linear motor of the related art constructed as 
described above, the three pairs of mover magnetic poles 5 
and 6 are excited to either N pole or Spole depending on the 
application direction of the U-phase, V-phase, and W-phase 
windings and a large magnetic pole of N pole or Spole is 
formed. A magnetic flux 19 passing through each of the 
mover magnetic poles 5 and 6 and the common permanent 
magnet 13 passes through the Side of the Stator 1 and a 
three-dimensional magnetic path is formed. At this point, a 
magnetic attraction force is generated corresponding to the 
positions of the mover 3 and the stator 1 and a thrust is 
output in the mover 3. 

The flow of the magnetic flux will now be described in 
more detail. When a current is applied from the U-phase to 
the V-phase and W-phase, that is, when a current is applied 
such that the SU1, SV2, and SW2 become positive and SU2, 
SV1, and SW1 become negative, the mover magnetic pole 
4a in FIG. 14 becomes an Spole and the mover magnetic 
poles 4b and 4c become N poles. As shown by the magnetic 
flux 19, a magnetic flux flows from the Spole magnetic yoke 
3b on the backside of the mover magnetic pole 4a to the N 
pole magnetic yoke 3a on the front Side of the mover 
magnetic poles 4b and 4c, and then, from the front Side of 
the N magnetic poles 5 of the mover magnetic poles 4b and 
4c to the stator. Finally, the magnetic flux returns from the 
S magnetic pole 6 of the mover magnetic pole 4a to the S 
pole magnetic yoke 3b and a three-dimensional magnetic 
path is formed. In this process, a force acts in a direction 
shown by the arrow in FIG. 14, at the boundary between the 
mover 3 and the stator 1, and the mover 3 moves to the right. 
AS described above, in the linear motor of the related art 

as shown in FIGS. 14-17, the N magnetic poles 5 and the S 
magnetic poles 6 provided in the mover magnetic poles 4a, 
4b, and 4c become a common magnetic pole when a current 
is applied to the windings. Unlike the Synchronization type 
linear motor of the other related art, because there is no leak 
magnetic flux in which a magnetic flux is closed between an 
N pole and an Spole without going through the Stator, the 
motor thrust is improved. 
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4 
Moreover, by Supplying a magnetic flux from both the 

common permanent magnet 13 and the auxiliary magnet 10, 
it is possible to increase the magnetic flux density to 
approximately 1.7 Teslas which is the Saturation magnetic 
flux of the electromagnetic Steel plate, and thus, it is possible 
to generate a large magnetic flux on the Surface of the mover 
3 and, consequently, a large thrust. 

Furthermore, by providing both the permanent magnet 
and the windings 16 on the side of the mover 3, it is possible 
to achieve a simple Structure for the Stator 1 in which an 
electromagnetic Steel plates are layered instead of the Struc 
ture of a Synchronization type linear motor of the related art 
in which an expensive permanent magnet is used on the Side 
of the stator 1 having a long stroke. With this structure, it is 
possible to reduce the cost of the motor, and, because there 
is no permanent magnet in the Stator 1, debris Such as chips 
does not attach, and environmental resistance can be 
improved. 

In the linear motor of the related art described above, 
however, there are disadvantages, Such as those that are next 
described. 
A croSS Sectional area of entrances 14 and 15 of yokes 

shown in FIGS. 15 and 16 are reduced to approximately half 
of the croSS Sectional area of the boundary between the 
mover 3 of the N and S magnetic poles 5 and 6 and the stator 
1. Because of this, there is a problem in that the magnetic 
flux is Saturated in this area and the motor thrust is reduced. 

In addition, as the material of the mover 3 used in the 
linear motor of the related art, a structure has been employed 
in which electromagnetic Steel plates are layered in direc 
tions indicated in the N pole magnetic yoke 3a and the Spole 
magnetic yoke 3b in FIG. 15, in order to reduce generation 
of iron loSS in a high Speed range. AS described above, when 
a current is applied to Such a winding 16 of the mover 3 
formed using electromagnetic Steel plates, the magnetic flux 
crosses the electromagnetic plates across the direction of 
layering as shown in FIGS. 14-16 and is generated as a 
three-dimensional magnetic path within the mover 3 and the 
Stator 1. At this point, when a current applied to the 
three-phase winding 16 is changed in order to drive the liner 
motor, the magnetic flux generated across the direction of 
layering of the electromagnetic Steel plates, in particular, 
near the N and S magnetic poles 5 and 6 of the mover 3, 
Significantly changes. As a result, there remains with this art 
a problem in that an eddy current flows in the electromag 
netic Steel plates forming the magnetic poles 5 and 6, iron 
loSS is generated corresponding to the electrical resistance of 
the electromagnetic Steel plates, and an undesirable amount 
of heat is generated in the motor. 

In addition, because the eddy current described above acts 
against the magnetic flux passing through the magnetic poles 
5 and 6, there had been a problem in that the magnetic flux 
flowing through each of the magnetic poles 5 and 6 is 
reduced and the motor thrust is reduced. Similarly, because 
a magnetic flux is generated acroSS the direction in which the 
electromagnetic Steel plates are layered, a non-magnetic 
insulating coating applied on a Surface of each electromag 
netic Steel plate forming the magnetic poles 5 and 6 and 
magnetic yokes 3a and 3b of the mover 3 and an air layer 
between electromagnetic Steel plates would act as a mag 
netic insulating portion, resulting in a problem in that, 
because the magnetic flux flowing through each of the 
magnetic poles 5 and 6 is reduced, the output thrust is 
reduced. 
The present invention was conceived to Solve the prob 

lems described above, and advantageously provides a linear 
motor in which a motor thrust is improved with a structure 
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which would prevent Saturation of magnetic flux around 
yoke entrances 14 and 15 and heat generation in the motor 
is reduced and the motor thrust is improved with a structure 
in which a magnetic flux is generated in a direction perpen 
dicular to the direction of layering of the electromagnetic 
steel plates at the magnetic poles 5 and 6 of the mover 3. 

SUMMARY OF THE INVENTION 

In order to Solve the above-described problems, according 
to one aspect of the present invention, there is provided a 
linear motor which uses a permanent magnet, the linear 
motor comprising a mover comprising a common permanent 
magnet placed along a direction of movement of the motor, 
an N pole magnetic yoke and an S pole magnetic yoke 
provided on both Sides of and Sandwiching the common 
permanent magnet, a plurality of N magnetic poles and S 
magnetic poles magnetically coupled to the magnetic yokes 
and placed to be perpendicular to the direction of movement 
of the motor and Such that an N pole and an Spole are 
alternately placed, an auxiliary magnet provided between 
the N magnetic pole and an adjacent S magnetic pole, and 
an AC winding wound on the plurality of N magnetic poles 
and S magnetic poles, and a Stator which is placed with a 
predetermined air gap from the mover and having a plurality 
of projection and depression Sections on a Surface opposing 
the mover, wherein the N magnetic pole of the mover is 
formed Such that its width increases as a distance from the 
Stator increases on a Side of the N pole magnetic yoke, and 
the S magnetic pole of the mover is formed Such that its 
width increases as a distance from the Stator increases on a 
Side of the S pole magnetic yoke. 

According to another aspect of the present invention, 
there is provided a linear motor which uses a permanent 
magnet, the linear motor comprising a mover comprising a 
common permanent magnet placed along a direction of 
movement of the motor, an N pole magnetic yoke and an S 
pole magnetic yoke provided on both sides of and Sand 
Wiching the common permanent magnet, a plurality of N 
magnetic poles and S magnetic poles magnetically coupled 
to the magnetic yokes and placed to be perpendicular to the 
direction of movement of the motor and Such that an N pole 
and an Spole are alternately placed, an auxiliary magnet 
provided between the N magnetic pole and an adjacent S 
magnetic pole, and an AC winding wound on the plurality of 
N magnetic poles and S magnetic poles, and a Stator which 
is placed with a predetermined air gap from the mover and 
having a plurality of projection and depression Sections on 
a Surface opposing the mover, wherein a teeth core which is 
formed of a plurality of layered electromagnetic Steel plates 
is inserted in the N magnetic pole and S magnetic pole of the 
mover in a direction perpendicular to the direction of 
movement of the motor. 

With this structure, the magnetic flux can flow smoothly 
along the teeth core to the magnetic yokes 3a and 3b and 
does not cross the electromagnetic Steel plates. As a result, 
reduction in the magnetic flux is prevented and the output 
thrust can be improved, and generation of iron loSS due to an 
eddy current can be inhibited, and, consequently, heat gen 
erated in the motor is reduced. 

According to another aspect of the present invention, it is 
preferable that, in the linear motor, the teeth core is formed 
of a block of a magnetic material instead of the layered 
electromagnetic Steel plates. 
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BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a diagram showing a linear motor according a 
first preferred embodiment of the present invention. 

FIG. 2 is a diagram showing a C-C croSS Section of the 
linear motor of FIG. 1. 
FIG.3 shows a side view and a bottom view of the mover 

of the linear motor of FIG. 1. 
FIG. 4 is a diagram showing a linear motor according to 

a Second preferred embodiment of the present invention. 
FIG. 5 is a diagram showing a D-D cross section of the 

linear motor of FIG. 4. 
FIG. 6 shows a side view and a bottom view of the mover 

of the linear motor of FIG. 4. 
FIG. 7 is a diagram showing a two-phase linear motor 

according to a preferred embodiment of the present inven 
tion. 

FIG. 8 is a diagram showing a linear motor which uses an 
auxiliary magnet of an arc Shape according to a preferred 
embodiment of the present invention. 

FIG. 9 is a diagram showing a linear motor which uses an 
auxiliary magnet of a bent shape according to a preferred 
embodiment of the present invention. 

FIG. 10 is a diagram showing an arrangement of a 
plurality of linear motors according to a preferred embodi 
ment of the present invention. 

FIG. 11 is a diagram showing a rotational motor config 
ured by modifying the linear motor of the first preferred 
embodiment of the present invention. 

FIG. 12 is a diagram Showing a rotational motor config 
ured by modifying the linear motor of the Second preferred 
embodiment of the present invention. 

FIG. 13 is a diagram showing a Synchronization type 
linear motor according to a related art. 

FIG. 14 is a diagram showing a linear motor according to 
a related art. 

FIG. 15 is a diagram showing an A-A croSS Section of 
the linear motor of FIG. 14. 

FIG. 16 is a diagram showing a B-B cross section of the 
linear motor of FIG. 14. 

FIG. 17 shows a side view and a bottom view of the 
mover of the linear motor of FIG. 14. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

Preferred embodiments of the present invention will now 
be described referring to the drawings. 
First Preferred Embodiment 

FIGS. 1, 2, and 3 show a permanent magnet linear motor 
according to a first preferred embodiment of the present 
invention. FIG. 2 is a diagram Showing a C-C croSS Section 
of FIG. 1, and FIG. 3 is a side view and a bottom view of 
a mover 3 of FIG. 1. The first preferred embodiment will 
now be described referring to FIGS. 1, 2, and 3. 

In FIGS. 1, 2, and 3, reference numeral 3 represents a 
mover, reference numeral 3a represents an N pole magnetic 
yoke, and reference numeral 3b represents an Spole mag 
netic yoke. The N pole magnetic yoke 3a and the S pole 
magnetic yoke 3b are formed by layering electromagnetic 
Steel plates. Reference numeral 16 represents a three-phase 
AC winding, symbols SU1 and SU2 represent U-phase 
windings, symbols SV1 and SV2 represents V-phase wind 
ings, and symbols SW1 and SW2 represent W-phase wind 
ings. Reference numeral 5 represents an N magnetic pole, 
reference numeral 6 represents an S magnetic pole, and 
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reference numeral 10 represents an auxiliary magnetic pole. 
The N pole magnetic yoke 3a and the Spole magnetic yoke 
3b are formed with approximately equal widths at the 
boundary with a stator 1. However, the N magnetic pole 5 
is formed Such that its width increases as the distance from 
the Stator 1 increases on the Side of the N pole magnetic yoke 
3a and its width decreases as the distance from the Stator 1 
increases on the Side of the S pole magnetic yoke 3b. 
Meanwhile, the S magnetic pole 6 is formed such that its 
width decreaseS as the distance from the Stator 1 increases on 
the side of the N pole magnetic yoke 3a and its width 
increases as the distance from the Stator 1 increases on the 
side of the Spole magnetic yoke 3b. FIG. 3 shows that the 
N magnetic poles 5 and the S magnetic poles 6 are placed in 
alternating order of N pole, Spole, and So on. AS shown in 
FIG. 2, a common permanent magnet 13 which is magneti 
cally connected to the N pole magnetic yoke 3a and the S 
pole magnetic yoke 3b is provided within the mover 3. In the 
N magnetic pole 5 and S magnetic pole 6, a teeth core 18 is 
inserted. In FIG. 1, the teeth core 18 is constructed by 
layering a plurality of electromagnetic Steel plates in a 
direction perpendicular to a direction of layering of the 
electromagnetic Steel plates forming the magnetic yokes 3a 
and 3b. 

When a current is applied in FIG. 1 from U-phase to 
V-phase and W-phase in the three-phase AC winding 16, a 
magnetic flux such as magnetic flux 19 shown in FIG. 1 is 
generated. This magnetic flux crosses the mover 3 and the 
Stator 1 in three dimensions to form a three-dimensional 
magnetic path. This is similar to the linear motor of the 
related art described with reference to FIGS. 14-17. In the 
structure of FIG. 1, as shown in FIG. 2, the magnetic flux 19 
generated from the Stator 1 to the mover 3 is concentrated at 
yoke entrances 14 and 15 of the S pole magnetic yoke 3b 
when the magnetic flux flows from the magnetic pole 6 to 
the S pole magnetic yoke 3b. However, because the N 
magnetic pole 5 is formed Such that it becomes wider as the 
distance from the stator 1 increases on the side of the N pole 
magnetic yoke 3a and the S magnetic pole 5 is formed Such 
that it becomes wider as the distance from the stator 1 
increases on the Side of the S pole magnetic yoke 3b, the 
Saturation limit of the magnetic flux of the yoke entrances 14 
and 15 is greater and the motor thrust is improved. 

In addition, in the Structure shown in FIG. 2, the magnetic 
flux, among the magnetic flux 19 flowing from the stator 1 
to the mover 3, which flows from the side of the N pole 
magnetic yoke 3a attempts to flow across the direction of 
layering of the electromagnetic Steel plates forming the N 
magnetic pole 5, but, because the teeth core 18 is layered in 
a direction perpendicular to the direction of layering of the 
electromagnetic Steel plates forming the N magnetic pole 5, 
the magnetic flux does not flow acroSS the direction of 
layering of the electromagnetic Steel plates, but instead 
smoothly flows through the teeth core 18 to the S pole 
magnetic yoke 3b. As a result, the magnetic flux does not 
croSS the electromagnetic Steel plates and a reduction of 
magnetic flux can be prevented, and, as a result, the gener 
ated output is improved. 
When the magnetic flux changes while the motor is being 

driven, no large eddy current is generated between the 
electromagnetic Steel plates because the electromagnetic 
Steel plates are electrically insulated from each other by an 
insulating coating applied on a Surface of the electromag 
netic Steel plates forming the teeth core 18, and, thus, the 
iron loSS caused by the eddy current corresponding to the 
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8 
electrical resistance of the electromagnetic Steel plates is 
inhibited, and the amount of heat generated in the motor is 
reduced. 
On the other hand, although the magnetic flux 19 also 

flows across the direction of layering of electromagnetic 
Steel plates around the common permanent magnet 13, 
because a change in the magnetic flux is Small in this portion 
due to the Strong magnetic field of the common permanent 
magnet 13, only slight amount of heat is generated, and, 
thus, countermeasures as employed in the teeth core 18 are 
unneceSSary. 

Second Preferred Embodiment 
FIGS. 4, 5, and 6 show a linear motor according to a 

second preferred embodiment of the present invention. FIG. 
5 is a diagram showing a D-D cross section in FIG. 4 and 
FIG. 6 is a side and bottom views of a mover 33. Similar as 
in the first preferred embodiment, in this motor, a three 
dimensional magnetic path is generated between the mover 
33 and the stator 31, but the linear motor of the second 
preferred embodiment has a different configuration from the 
linear motor of the first embodiment. The second preferred 
embodiment will now be described referring to FIGS. 4, 5, 
and 6. 

In FIGS. 4, 5, and 6, reference numeral 33 represents a 
mover, reference numeral 33a represents an N pole magnetic 
yoke, and reference numeral 33b represents an S pole 
magnetic yoke. The N pole magnetic yoke 33a and the S 
pole magnetic yoke 33b are formed by layering electromag 
netic Steel plates. Reference numeral 46 represents a three 
phase AC winding and Symbols indicating U-phase, 
V-phase, and W-phase are shown in FIGS. 4, 5, and 6. 
Reference numeral 35 represents an N magnetic pole, ref 
erence numeral 36 represents an S magnetic pole, and 
reference numeral 40 represents an auxiliary magnetic pole. 
The N pole magnetic yoke 33a and the Spole magnetic yoke 
33b are configured such that they have almost equal width 
in a boundary portion with a stator 31. The N magnetic pole 
35 is formed Such that its width increases as the distance 
from the stator 31 increases on the side of the N pole 
magnetic yoke 33a and its width decreases as the distance 
from the stator 31 increases on the side of the S pole 
magnetic yoke 33b. On the other hand, the S magnetic pole 
36 is formed Such that its width decreases as the distance 
from the stator 31 increases on the side of the N pole 
magnetic yoke 33a and its width increases as the distance 
form the stator 31 increases on the side of the S pole 
magnetic yoke 33b. FIG. 6 shows that the N magnetic poles 
35 and the S magnetic poles 36 are placed to alternate N 
pole, S pole, and so forth. As shown in FIG. 5, a common 
permanent magnet 13 which is magnetically connected to 
the N pole magnetic yoke 33a and the Spole magnetic yoke 
33b is placed in the mover 33. In addition, a teeth core 48 
is inserted to the N magnetic pole 35 and the S magnetic pole 
36. In FIG. 4, the teeth core 48 is formed either by layering 
a plurality of electromagnetic Steel plates in a direction 
perpendicular to the direction of layering of the electromag 
netic Steel plates forming the magnetic yokes 33a and 33b or 
formed from a block of magnetic material. 

Structural differences between the linear motor of FIG. 4 
and the linear motor of the first preferred embodiment 
include that a distributed winding is employed as the three 
phase AC winding 46 and that a Vernier structure is 
employed in which a pitch of magnetic poles of mover 33 
differs from a pitch of magnetic poles of stator 31. 
When a current is applied to the three-phase AC winding 

of the linear motor according to the Second preferred 
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embodiment as described above, a plurality of pairs of 
magnetic poles 35 and 36 of N pole and Spole are excited 
either to the N pole or Spole by a magnetomotive force of 
the winding 46, depending on the direction of application of 
the U-phase, V-phase, and W phase windings. A three 
dimensional magnetic path is then formed in the mover 33 
from the N magnetic pole 35 through the N pole magnetic 
yoke 33a, the magnetic pole of common permanent magnet 
13, the S pole magnetic yoke 33b, the S magnetic pole 36, 
and the stator 31 to return to the N magnetic pole 35. At this 
point, because a magnetic resistance difference force is 
generated corresponding to the positions of the mover 33 
and the stator 31, a thrust is generated in the mover 33. 
The flow of the magnetic flux will now be described in 

more detail. When a current is applied from the U-phase to 
the V-phase or W-phase, the three pairs of magnetic poles 35 
and 36 shown in FIG. 4 are each excited either to the N pole 
or S pole, and, as shown by a magnetic flux 29, two 
three-dimensional magnetic paths are created which flows 
from the S magnetic pole 36 of the mover 33 through the S 
pole magnetic yoke 33b and the common permanent magnet 
13 at the backside and then through the N pole magnetic 
yoke 33a on the front side to the N magnetic pole 35, and 
further through the stator 31 to return to the S magnetic pole 
36. A force is then generated in a direction shown by an 
arrow illustrated in the boundary section of the mover 33 and 
the stator 31 of FIG. 4 and the mover 33 moves to the left. 
AS described, although the motor of the Second preferred 

embodiment employs a Vernier Structure, the configuration 
shown in FIGS. 4, 5, and 6, in which a common permanent 
magnet 13, the N pole magnetic yoke 33a, the S pole 
magnetic yoke 33b, the N magnetic pole 35, the S magnetic 
pole 36, and the Stator 31 with projection and depression 
Sections are provided and a current is applied to the three 
phase AC winding 46 to form a three-dimensional magnetic 
path from the N magnetic pole 35 through the N pole 
magnetic yoke 33a, the common permanent magnet 13, the 
Spole magnetic yoke 33b, the S magnetic pole 36, and the 
stator 31 to return to the N magnetic pole 35 is similar to that 
of the first preferred embodiment. Therefore, by employing 
a structure in which a width of the N magnetic pole 5 of the 
mover 33 increases as the distance from the stator 31 
increases on the Side of the N pole magnetic yoke 33a, a 
width of the S magnetic pole 36 increases as the distance 
from the stator 31 increases on the side of the S pole 
magnetic yoke 33b, and a teeth core 18 is inserted into the 
N magnetic pole 35 and the S magnetic pole 36, it is possible 
to obtain advantages similar to those provided by the con 
figuration of the first preferred embodiment. 
AS described, the present invention can be applied regard 

less of the winding method of the winding 46 or the 
placement of the magnetic poles 35 and 36 by providing a 
linear motor comprising a mover 33 comprising a common 
permanent magnet 13, an N pole magnetic yoke 33a, an S 
pole magnetic yoke 33b, an auxiliary magnet 40, an N 
magnetic pole 35, and an S magnetic pole 36 and a Stator 
having projection and depression Sections, and applying a 
current to the AC winding 46 to form a three-dimensional 
magnetic path from the N magnetic pole 35 through the 
magnetic yoke 33a, the common permanent magnet 13, the 
Spole magnetic yoke 33b, the S magnetic pole 36, and the 
stator 31 to return to the N magnetic pole 35. 

In the first and second preferred embodiments described 
above, it is also possible to use a block of a magnetic 
material as the teeth core 18 or 48. However, when a block 
of a magnetic material is used, a large eddy current is 
generated when the magnetic flux changes, and therefore, 
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10 
effective heat reduction effect through insertion of the teeth 
core 18 or 48 cannot be expected in a high Speed range. 
However, because the reduction in magnetic flux due to an 
insulating coating and an air layer which occurs in the case 
of layered electromagnetic Steel plates does not occur, the 
motor thrust is improved. AS Such, it is desirable that a motor 
which uses a block of a magnetic material in the teeth core 
18 or the teeth core 48 be used in a low speed operation in 
which generation of an eddy current is not a significant 
problem. 

Because a magnetic material which is Suitable as the 
block of a magnetic material and which has a characteristic 
of inhibiting generation of an eddy current by interposing an 
electrically insulating film to enclose particles of Steel is 
commercially available, it is possible to use Such a material 
to reduce the generation of heat in the high Speed range and 
to achieve advantages Similar to those which can be obtained 
by teeth core 18 or 48 formed by layering electromagnetic 
Steel plates. 

It is also possible to independently employ only the 
configuration in which a width of the N magnetic pole 5 or 
35 increases as the distance from the stator 1 or 31 increases 
on the side of the N pole magnetic yoke 3a or 33a and 
decreases as the distance from the Stator 1 or 31 increases on 
the side of the S pole magnetic yoke 3b or 33b or to 
independently employ only the configuration in which a 
teeth core 18 or 48 is inserted in the N magnetic pole 5 or 
35 and the S magnetic pole 6 or 36, to independently achieve 
the advantages associated with the respective configurations. 
Even when a linear motor is formed having a structure 

shown in FIG. 7 in which the mover magnetic poles 4a and 
4b among the three mover magnetic poles 4a, 4b, and 4c in 
the first preferred embodiment are used and which is driven 
by a two-phase AC winding, by applying a current from the 
U-phase to the V-phase in the winding, that is, by Setting the 
SU1 and SV2 to be positive and SU2 and SV1 to be 
negative, it is possible to excite the mover magnetic pole 4a 
to Spole and the mover magnetic pole 4b to N pole and to 
form a three dimensional magnetic path by a magnetic flux 
from the S magnetic pole 6 through the S pole magnetic 
yoke 3b, the common permanent magnet 13, the N pole 
magnetic yoke 3a, the N magnetic pole 5, and the Stator 1 to 
return to the S magnetic pole as shown by the magnetic flux 
19, similar to the first preferred embodiment. Therefore, it is 
possible to apply the present invention similarly as in the 
first preferred embodiment. 

FIGS. 8 and 9 show linear motors in which a width of the 
N magnetic pole 5 increases as the distance from the Stator 
1 increases on the Side of the N pole magnetic yoke 3a and 
a width of the S magnetic pole 6 increases as the distance 
from the Stator 1 increases on the Side of the Spole magnetic 
yoke 3b similar to the above-described configurations of first 
and Second preferred embodiments, and an N pole auxiliary 
magnet and an Spole auxiliary magnet have different shapes 
than those in the first and Second preferred embodiments. 

FIG. 8 shows a linear motor which employs arc-shaped 
auxiliary magnets 30 and 32. An advantage of employing 
arc-shaped auxiliary magnets 30 and 32 is that the croSS 
sectional areas of the N magnetic pole 5 and of the S 
magnetic pole can be increased compared to the N magnetic 
pole 5 and the S magnetic pole 6 of the first preferred 
embodiment. With this structure, the magnetic Saturation 
limits of the N magnetic pole 5 and of the S magnetic pole 
6 can be increased when a magnetic flux is generated from 
the stator 1 to the mover 3, which allows for a motor with 
larger thrust than that in the first preferred embodiment. 
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FIG. 9 shows a linear motor in which the rectangular 
auxiliary magnets of the first and Second referred embodi 
ments are bent into a “v' shape which is similar to the arc 
shape shown in FIG.8. As described, it is possible to employ 
auxiliary magnets 30 and 32 with various shapes to apply the 
present invention and advantages Similar to the present 
invention can be obtained even with auxiliary magnets 30 
and 32 of different shapes. 
As disclosed in Japanese Patent No. 3344645, it is also 

possible to apply the present invention to a motor in which 
a plurality of motors which use a permanent magnet 13 as 
generally described above regarding the first and Second 
preferred embodiments are layered in a direction perpen 
dicular to a direction of movement of the motor. 

In addition, the Structures of the first and Second preferred 
embodiments can be modified for a rotation type motor as 
shown in FIGS. 11 and 12. A motor shown in FIG. 11 is a 
motor in which two linear motors of the first preferred 
embodiment shown in FIG. 1 are formed in an arc shape and 
connected in series. Similar to the structure of FIG. 1, the N 
magnetic pole 5 is formed Such that its width increases as the 
distance from the stator 1 increases on the side of the N pole 
magnetic yoke 3a and its width decreaseS as the distance 
from the Stator 1 increases on the Side of the Spole magnetic 
yoke 3b. The Smagnetic pole 6 is formed such that its width 
decreases as the distance from the Stator 1 increases on the 
Side of the N pole magnetic yoke 3a and its width increases 
as the distance from the Stator 1 increases on the Side of the 
S pole magnetic yoke 3b. Regarding the number of con 
nected Structures, when an even number of Structures are 
connected in Series, the motor is Symmetric in 180 degrees, 
resulting in a balance between forces in radial direction 
generated between the mover 53 and the stator 51, and thus, 
no vibration or noise caused by unbalanced radial load is 
generated. Therefore, although the number of connected 
Structures is not limited in the present invention, it is 
preferable that the number of connected Structures be an 
even number. 

The operational principle of the motor of FIG. 11 is 
similar to that of the first preferred embodiment, although 
there are differences between linear driving and rotational 
driving. When a current is applied from U-phase to V-phase 
and W-phase of three-phase AC winding similar to the first 
preferred embodiment, a force which rotates the rotor in a 
clockwise direction is generated. Therefore, it is possible to 
apply the present invention when the first preferred embodi 
ment is applied to a rotation type motor. 

The motor shown in FIG. 12 is a motor in which four 
linear motors of the Second preferred embodiment shown in 
FIG. 4 are formed in an arc shape and connected in Series. 
The operational principle of the motor shown in FIG. 12 and 
is identical to that of the second preferred embodiment. 
Therefore, the present invention can be applied when the 
Second preferred embodiment is applied to a rotation type 
motor. 
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AS described, by employing a structure in which a width 

of the N magnetic pole increases as the distance from the 
Stator increases on the Side of the N pole magnetic yoke and 
a width of the Smagnetic pole increases as the distance from 
the Stator increases on the Side of the Spole magnetic yoke, 
it is possible to prevent Saturation of magnetic flux near the 
yoke entrances 14 and 15. In addition, by providing a teeth 
core in the N magnetic pole and the S magnetic pole So that 
the magnetic flux is generated at the magnetic pole of the 
mover in a direction perpendicular to the direction of 
layering of electromagnetic Steel plates, generation of an 
eddy current and reduction in magnetic flux due to an 
insulating coating and an air layer between electromagnetic 
Steel plates are inhibited. Thus, it is possible to provide a 
motor which uses a permanent magnet in which generation 
of heat in the motor is reduced and the motor thrust is 
improved. 
What is claimed is: 
1. A motor employing a permanent magnet, the motor 

comprising: 
a mover comprising a common permanent magnet placed 

along a direction of movement of the motor, an N pole 
magnetic yoke and an Spole magnetic yoke provided 
on both sides of and Sandwiching the common perma 
nent magnet, a plurality of N magnetic poles and S 
magnetic poles magnetically coupled to the magnetic 
yokes and placed to be perpendicular to the direction of 
movement of the motor and Such that an N pole and an 
S pole are alternately placed, an auxiliary magnet 
provided between the N magnetic pole and an adjacent 
S magnetic pole, and an AC winding wound on the 
plurality of N magnetic poles and S magnetic poles; 
and 

a Stator which is installed to form a predetermined gap 
between the Stator and the mover, and having a plurality 
of projection and depression Sections on a Surface 
opposing the mover, wherein 

the N magnetic pole of the mover is formed such that its 
width increases as the distance from the Stator increases 
on a Side of the N pole magnetic yoke; and 

the S magnetic pole of the mover is formed Such that its 
width increases as the distance from the Stator increases 
on a Side of the Spole magnetic yoke. 

2. The motor employing a permanent magnet according to 
claim 1, the motor further comprising: 

a teeth core which is formed of a plurality of layered 
electromagnetic Steel plates is inserted in the N mag 
netic pole and S magnetic pole of the mover in a 
direction perpendicular to the direction of movement of 
the motor. 

3. A motor according to claim 2, wherein 
the teeth core is formed of a block of a magnetic material 

and not of layered electromagnetic Steel plates. 
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